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Abstract 
The method of preparation tungsten disulfide thin film with RF sputtering on 3Cr13 martensitic stain less steel was 
researched in this paper. Different power, pressure and deposition time had been taken to prepare samples. Then the 
samples were tested by XRD, SEM to analyzing phase, surface topography and chemical constitution. Binding force 
and frictional wear coefficient of tungsten disulfide thin film was also tested. The results showed that non-crystalline 
tungsten disulfide thin film could be prepared by RF sputter, films’ S/W ratio were usually less-than 2,and were 
impacted by sputter technological parameter obviously, when the deposition power strengthen S/W ratio was lower, 
when the deposition time lengthen S/W ratio was higher. The binding force of the film was impacted by sputter 
technological parameter obscurely. The coefficient of friction of the sample prepared by RF sputter had inversely-
proportional relationship with S/W ratio in definitive range. 
 
© 2009 Published by Elsevier B.V. 
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1 Introduction 
As the development of science and technology, especially flourishing development of space 
technology, the requirement of lubricating material has been increasing accordingly. 
Development high-performance solid lubricating material has been exigent problem. Transition 
metal dichalcogenides are layered semiconductors [1]. They have been extensively studied in the 
form of thin films for their potential applications in photovoltaic solar cells [2,3]. These are 
layered compound semiconductors and crystallize in the hexagonal form P63/mmc. Each layer 
consists of metal layer sandwiched between two chalcogen layers in a trigonal prismatic 
structure. They exhibit in-plane strong covalent bonds between the metal and chalcogen atoms 
and weak Van der Waals type interactions between the layers. In recent decade, some transition 
metal dichalcogenides, such as tungsten disulphide and molybdenum disulfide, are well known 
for their solid lubricating behavior [4-9] and used for solid lubricants due to their extreme degree 
of anisotropy of the layered crystal structures. Under a shearing force the basal planes slide back 
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and forth over one another by intracrystalline slip and transfer to the rubbing counterface. These 
mechanisms for imparting low friction have already been studied and reported in the 
literatures[10-12].As a late-model excellent solid lubrication films tungsten disulfide films 
performance is better than classical molybdenum disulfide films in some aspects. So the 
tribological behavior of WS2 films has been paid more and more attention.We can obtain WS2 
thin films by some different methods, but in laboratory the RF magnetron sputtering is the most 
efficient method. As the deposition parameters different, properties of WS2 thin films obtained 
by RF magnetron sputtering were inevitable different. There is a lack of information on the 
effects of deposition parameters to the WS2 thin films properties. To remedy this lack, we have 
compared the properties of WS2 thin films deposited by different deposition parameters of RF 
magnetron sputtering. 
2 Experimental details 
Thin films of WS2 were deposited on 3Cr13 martensite restless steel without heating 
substrates by r.f. magnetron sputtering using Ar (99.99% pure).Table 1 shows the chemical 
composition of substrates. 
Table1 The chemical composition of 3Cr13 stainless steel (at.%) 
 
C Si Mn Cr Ni Mo Ti Nb S P 
0.26 1.0 1.0 12 - - - - 0.03 0.03 
 
Before the gas entrance, a pressure of 4×10-4 Pa was obtained in the sputtering chamber by 
using a turbo molecular pump. The Ar gas was then introduced. The target (6 cm in diameter) 
was prepared with pure WS2 powder by chill-pressing. The distance between the substrates and 
the target was 9 cm. Table 2 shows the deposition details. 
Table 2 Preparation technical of WS2 film deposited by ratio frequency magnetron sputtering 
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sample power (W) pressure (Pa) Time (h) Background 
1 50 0.5 2 4×10-4
2 50 1 2 4×10-4
3 50 2 2 4×10-4
4 50 3 2 4×10-4
5 25 1 2 4×10-4
6 75 1 2 4×10-4
7 100 1 2 4×10-4
8 50 1 1 4×10-4
9 50 1 3 4×10-4
10 50 1 4 4×10-4
 
Structural study was carried using X-ray diffraction with Cu KĮ(Ȝ= 1.5406 Å ) radiation in 
the 2șrange from 10°to 80°. The surface morphology of the films was studied using scanning 
electron microscope (SEM). The film thickness was measured by surface topography instrument 
(HW-T6000).The bond strength between films and substrate was measured by automatic 
scarificator (WS-2002). Loading speed was 100N/min and testing load was 100N. Frictional 
coefficient was tested by micro friction gauge (UMT-2).The friction pair were composed by 
samples and GCr15 steel ball which hardness was 61HRC. Testing load was 500mN and running 
speed was 5mm/s.Testing time was 10 minutes. 
3 Results and discussion 
The structural of WS2 thin film was determined by the X-ray diffraction technique. None 
WS2 diffraction peaks were observed for the sample1~8. This indicates the structure of WS2 thin 
film were amorphous state. But when deposition time extended, WS2 diffraction peaks were 
observed in (002) and (103) planes that inferred the WS2 thin films deposited 4 hours comprised 
good number of crystallites having the same orientation axis.Fig.1 shows the XRD pattern of 
WS2 films in different deposition time. 
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Fig. 1 XRD pattern of WS2 films in different deposition time 
Fig. 2 showed the SEM images of WS2 thin films. The whole films surface were smooth, no 
holes and gap of the defect, high density, good quality, and the pattern change with different 
technological parameter was not obvious. 
 
 
Fig2 SEM image of WS2 thin film 
In the RF magnetron sputtering process, the S element will have the tendency to loss [13].So 
the S/W ratio of WS2 thin films prepared by RF magnetron sputtering were usually less-than 2. 
One reason for the lack of sulfur is selective sputtering in preparation. Because the different 
sputtering yields of sulfur and tungsten elements in composite target, target surface will lack. 
Another reason is that sputtered sulfur has been a part of the vacuum system extraction, resulting 
in the effective partial pressure of sulfur reduction, which resulted in the final film in the 
deficiency of sulfur. Films prepared under different conditions of chemical composition in 
micro-area were shown in Figure 3. The films S / W ratio obtained by different sputtering 
process were less than 2, the minimum was 1.46 at the sputtering power of 50W, work pressure 
1Pa, deposited by 1h, the maximum was 1.92 at the sputtering power 50W, work pressure 1Pa, 
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when deposited by 4h.According the Fig.3(a), films S / W atomic ratio were not monotonous 
with increasing sputtering pressure increased, but when the sputtering pressure reached 1Pa the 
maximum appeared, when working pressure after increased ,the S / W atomic ratio decreases. 
According the Fig.3 (b), films S / W atomic ratio were increased with decreasing sputtering 
power and according the Fig.3 (c), films S / W atomic ratio increased significantly with 
sputtering time extended and reached 1.92 in 4h.   
˄a˅ ˄b˅ 
˄c˅ 
Fig3 Variation of the WS2 films S/W ratio with technological parameter˄a˅deposition 
pressureˈ˄b˅deposition powerˈ˄c˅deposition time 
Film adhesion was measured by WS-2002 automatic scratch as the appearance of 
continuous tone burst signal to determine the critical load Lc. The average adhesion strength was 
23.3N,the Maximum was 36.9N, the minimum was15.6N. Sputtering power and time on the film 
- substrate bonding strength had little effect, but when sputtering pressure increased the adhesion 
strength decreased significantly. And the minimum was got at 3 Pa. 
The friction coefficient and the surface after friction test of sample 2 were shown in Fig.4, 
other samples’ results were similar. The results showed that friction coefficient curves were 
stable in 600 seconds, only had a slight fluctuation. It showed that the films had not been worn 
out in the tests. And contrasted friction coefficient of 3Cr13 stainless steel substrate, WS2 thin 
films prepared by RF sputtering could effectively reduce the friction coefficient and improve the 
tribological properties of stainless steel substrate. Variation of the WS2 films friction coefficient 
with technological parameter was shown in Fig.5. When the sputtering pressure increased, the 
friction coefficient decreased between 0.5 ~ 1 Pa, but in 1 ~ 3 Pa the films friction coefficient 
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trended upward. With the sputtering power increased the friction coefficient slightly increased, 
and as the sputtering time extended the friction coefficient decreased. Corresponding films S / W 
ratio we could find the films friction coefficient had an interesting relationship with S / W ratio, 
when the sulfur content in the films increased, the films friction coefficient reduced. So the 
coefficient friction of the sample prepared by RF sputter had inversely-proportional relationship 
with S/W ratio. 
 
Fig.4Variation of the frictional coefficient and SEM of the sample 
˄a˅ ˄b˅ 
˄c˅ 
Fig.5 Variation of the WS2 films friction coefficient with technological parameter˄a˅deposition 
pressureˈ˄b˅deposition powerˈ˄c˅deposition time 
4 Conclusions 
1. Using RF magnetron sputtering good quality WS2 thin films could be obtained. 
2. The S/W ratio of WS2 thin films prepared by RF magnetron sputtering were usually less-
than 2. When sputtering time extended, S/W ratio increased significantly. But on the contrary 
when sputtering power enhanced, S/W ratio decreased. And when the sputtering pressure 
increased, S/W ratio first increased and then decreased, the maximum was got at 1Pa. 
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3. WS2 thin films prepared by RF sputtering could improve the tribological properties of 
stainless steel substrate. And the coefficient friction of the sample prepared by RF sputter had 
inversely-proportional relationship with S/W ratio. 
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